INTRODUCTION
============

The anterior cruciate ligament (ACL) and the meniscus are the most commonly injured structures in the knee.[@B1] The ACL is an important primary stabilizer; its main function is to restrict anterior translation and internal rotation of the tibia in relation to the femur.[@B2] The most important functions of the meniscus are to transmit the load, increase joint cohesion, and distribute the synovial fluid.[@B3] Injuries to these structures can consequently cause significant functional deficits.

Several predisposing factors for injury to these structures are known.[@B4] Alteration to the mechanical axis of the lower limbs can lead to meniscus injury, and a narrower intercondylar fossa can lead to ACL injuries.[@B5] ^,^ [@B6] The association between ACL rupture and joint hypermobility still remains controversial;[@B7] ^,^ [@B8] some studies have found higher rates of joint hypermobility in patients with ACL rupture,[@B9] ^-^ [@B10] while others have not.[@B11] ^-^ [@B12] Sueyoshi et al.[@B13] demonstrated that patients with joint hypermobility have a higher risk of knee sprain. There are several methods to evaluate joint hypermobility; the most common is the Beighton score.[@B14]

The association between joint hypermobility and isolated meniscus injuries or meniscus injuries associated with ACL injuries has not yet been evaluated. Furthermore, it is not known whether joint hypermobility is associated with any particular type of knee injury or patient sex.

The objective of this study was to assess the prevalence of joint hypermobility in patients who underwent knee surgery to treat meniscus and ligament injuries, and the impact of this physical condition on postoperative results.

METHODS
=======

This research project was approved by the institutional review board at the Escola Paulista de Medicina - UNIFESP (number 01609812.9.0000.5505). This is a prospective study, in which amateur athlete patients who received surgical treatment for the aforementioned knee injuries from 2011 to 2015 were assessed by an orthopedic specialist to determine the presence of joint hypermobility. Inclusion criteria were amateur athletes who received surgical treatment for isolated ACL injuries, isolated meniscus injuries, and ACL injuries associated with traumatic meniscus injuries. Exclusion criteria were the presence of other associated knee injuries and meniscus injuries treated with sutures. All patients signed an informed consent form before participating in the study.

The patients were divided into three groups: isolated ACL injuries, isolated meniscus injuries, and ACL injuries associated with meniscus injuries. The surgical procedures and evaluation of the presence of joint hypermobility were performed by the same surgical team. The Beighton score was used; the maximum value is nine points, and a score greater than or equal to four was considered joint hypermobility. One point is awarded for each positive result in the following tests on each side of the body: passive hyperextension of the fifth metacarpophalangeal joint (greater than 90 degrees), passive apposition of the thumb to the flexor aspect of the forearm, active hyperextension of the forearm (greater than 10 degrees), active hyperextension of the knee (greater than 10 degrees), and active forward flexion of the trunk with the knees fully extended so that the palms of the hands rest flat on the floor. For postoperative evaluation, the Tegner activity scale was used;[@B15] this assessment is composed of eight questions and scores are assigned from 0 to 10, ranging from the patient's inability to perform activities to lack of limitation, respectively. In the patients evaluated in this study, the Tegner scale was applied after treatment of the injury was complete and patients began sports activities, which took an average of 3 months after surgery for meniscus injuries and 6 months after treatment of ACL injuries (whether associated with meniscus injuries or not).

The surgical technique for ACL injuries utilized knee flexor tendons (semitendinosus and gracilis) and absorbable interference screws in the tibia and femur buttons as fixation methods in the anatomical reconstruction technique, in which femoral and tibial bone tunnels are created in the center of the anterior cruciate ligament insertion in these bones.[@B16] For cases of meniscus injury, a partial meniscectomy was performed.

Rehabilitation for the cases of ACL reconstruction took place in accordance with the Multicenter Orthopedic Outcomes Network (MOON) ACL Rehabilitation Guidelines[@B17] and for cases of meniscus injury, patients underwent physical therapy rehabilitation for an average of three months.

Statistical analysis
--------------------

Because the data were quantitative and continuous, we utilized statistical parametric tests. To evaluate the qualitative variables, the equality of two proportions test was used. Analysis of variance (ANOVA) was used for comparisons between the groups and sexes in relation to the Beighton score. The Pearson correlation was used to correlate the Beighton score and Tegner scale. A 0.05 (5%) significant level was adopted. SPSS V17 software (SPSS Inc, Chicago, IL) was used to conduct the analysis.

RESULTS
=======

During the study period, 242 patients underwent surgery; 107 to treat isolated ACL injuries, 75 for ACL injuries associated with meniscus injuries, and 60 to treat isolated meniscus injuries. Of these patients, 199 were male and 43 were female. The mean patient age was 32.9 years, ranging from 10 to 72, with a standard deviation (SD) of 11.88 (CI=1.5). The Beighton score ranged from 0 to 9, with 2 the most prevalent and SD of 2.18 (CI=0.27). The Tegner scale varied from 0 to 10, with 3 the most prevalent, and SD of 1.88 (CI=0.24). There were 45 patients with joint hypermobility according to the study criterion (Beighton score greater than or equal to 4). The sex distribution and presence of joint hypermobility according to injury are shown in [Table 1](#t1){ref-type="table"}. The ethnic makeup of the study group was 151 white, 63 mixed race of African descent, 25 Black, and 3 Asian.

Table 1Sex distribution according to injury and presence of joint hypermobility.MenWomenWithout hypermobilityWith hypermobilityWithout hypermobilityWith hypermobilityACL68 (82.9%)14 (17.1%)18 (85.7%)3 (14.3%)Meniscus43 (79.6%)11 (20.4%)6 (100%)0 (0%)ACL + MENISCUS47 (78.3%)13 (21.7%)12 (75%)4 (25%)

Comparison of the presence or absence of joint hypermobility according to Beighton score in the evaluated groups (isolated ACL injury, isolated meniscus injury, and associated ACL and meniscus injuries) showed no statistically significant difference, with the majority of patients not presenting joint hypermobility (p\<0.001). ([Table 2](#t2){ref-type="table"}) Comparison of the presence or absence of joint hypermobility according to Beighton score in male and female patients also demonstrated no statistically significant difference, with joint hypermobility absent in patients of both sexes (p\<0.001). ([Table 3](#t3){ref-type="table"} and 4) No significant difference between sexes was seen in the different groups with regard to the presence of joint hypermobility (p\>0.577). ([Table 5](#t5){ref-type="table"})

Table 2Comparison between groups by presence of absence of joint hypermobility.Without hypermobilityWith hypermobilityP-valueN%N%ACL8683.5%1716.5%\<0.001ACL + MENISCUS5977.6%1722.4%\<0.001Meniscus5483.1%1116.9%\<0.001

Table 3Comparison between groups, females only, by presence or absence of hypermobility.FemaleWith hypermobilityWithout hypermobilityP-valueN%N%ACL314.3%1885.7%\<0.001ACL + MENISCUS425.0%1275.0%\<0.001Meniscus00.0%6100%\<0.001

Table 4Comparison between groups, males only, by presence or absence of hypermobility.MaleWith hypermobilityWithout hypermobilityP-valueN%N%ACL1416.3%7283.7%\<0.001ACL + MENISCUS1322.0%4678.0%\<0.001Meniscus1120.4%4379.6%\<0.001

Table 5Comparison of Beighton scores between sexes for different groups.BeightonMeanMedianStandard DeviationCVMinMaxNCIP-valueACLFemale1.8121.6390%07210.700.577Male1.5312.10137%010860.44ACL + MeniscusFemale2.0021.9798%07160.960.784Male2.1922.51115%08590.64MeniscusFemale1.6720.5231%1260.410.785Male1.931.52.29119%09540.61

The results for the Tegner scale upon returning to sports was not influenced by the presence or absence of joint hypermobility for the assessed groups (p\>0.07). ([Table 6](#t6){ref-type="table"})

Table 6Correlation between Beighton score and Tegner scale, by group.Beighton vs. TegnerCorrelation (r)P-valueACL-17.6%0.070ACL + Meniscus-1.6%0.895Meniscus-6.6%0.615All-9.1%0.160

DISCUSSION
==========

Among patients with ACL injuries, we found a prevalence of 17.1% for joint hypermobility in men and 14.3% in women, results lower than those found in the literature, which range from 40 to 60%.[@B19] ^,^ [@B20] Previous studies[@B19] ^,^ [@B20] encountered a higher prevalence of joint hypermobility in women, especially adolescents, compared to men. We also found similar results for the prevalence of joint hypermobility among patients with meniscus injuries and associated ACL/meniscus injuries, but since no studies have performed these assessments, no comparisons could be drawn.

The association between joint hypermobility and ACL injury remains controversial, and may be partly due to inconsistency in evaluating joint hypermobility.[@B8] For example, studies consider different cutoff points for the Beighton score which range from 4 to 6 points. Due to differences in the definition and identification of cases, the prevalence of joint hypermobility in adults varies in studies from 5 to 43%.[@B18] In a systematic review performed by Pacey et al.,[@B18] 5 studies described knee injuries and a statistically significant relationship was found between joint hypermobility and greater risk of knee injury. We should note that this study included all knee injuries, not only ACL injuries.

In all patient ethnic groups except Asians, more than 80% of patients did not have joint hypermobility. In the Asian patients in our study, 66.6% had joint hypermobility, but we should note that there were only 3 patients in this group.

We compared to the presence or absence of joint hypermobility between the sexes for each group, but found no significant difference. Finally, we performed a correlation between the postoperatory Beighton score and Tegner scale in the three study groups (ACL, meniscus, and ACL/meniscus) to determine whether the presence of joint hypermobility was associated with poorer postoperative results. Although there was no statistical difference (i.e., the variables were independent), the group of patients with isolated ACL injuries presented poorer postoperative results (p=0.07) than the groups with isolated meniscus injury (p=0.615) and ACL injury associated with meniscus injury (p=0.895).

All lesions included in this study were traumatic, but patients aged 10 to 72 years were included; this age difference may have had an influence on the results, and older patients may have had degenerative meniscus injuries prior to the traumatic injury. Furthermore, we do not know if there were changes in joint hypermobility with aging.

Risk factors for ligament and meniscus injuries are probably multifactorial, but joint hypermobility may be an important contributor to the stability of the knee and may consequently be a predisposing factor for these injuries.

CONCLUSION
==========

We did not find any association between joint hypermobility and sex or type of injury evaluated, and did not find a correlation between joint hypermobility and poorer postoperative outcomes.
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